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DISCLOSURE OF THE INVENTION 

In order to achieve the object described above, in a first aspect 
of the present invention, a plasma etching method for implementing a 
specific etching process on a workpiece placed on an electrode 
provided within a processing chamber by introducing a processing gas 
into the processing chamber, generating plasma inside the processing 
chamber with a plasma source and applying biasing power to the 
electrode, which is characterized in that an etching step in which the 
workpiece is etched over a specific length of etching time by applying 
the biasing power to the electrode and a film formation step in which 
a protective film is formed at an etching mask at a surface of the 
workpiece over a specific length of film formation time while the 
biasing power is cut off are sequentially repeated, with the lengths of 
the individual film formation times are extended as the etching 
process progresses, is provided. 

In a second aspect of the present invention, a plasma etching 
method for implementing a specific etching process on a workpiece 
placed on an electrode provided within a processing chamber by 
introducing a processing gas into the processing chamber, generating 
plasma inside the processing chamber with a plasma source and 
applying biasing power to the electrode, which is characterized in that 
an etching step in which a workpiece is etched over a specific length 
of etching time by applying the biasing power to the electrode and a 
film formation step in which a protective film is formed at an etching 
mask at a surface of the workpiece over a specific length of film 
formation time while the biasing power is cut off are sequentially 
repeated, with the process starting with the, film formation step and 
ending with the etching step with the lengths of the individual film 
formation times extended as the etching process progresses, is 
provided. 
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Adopting such an etching method, in which the etching process 
is implemented by repetitively performing -the etching step and the 
film formation step, makes it possible to etch the workpiece while 
protecting the etching mask such as a photoresist film with the 
protective film. Since the photoresist film is not readily etched and 
higher selectivity is achieved as a result, the pattern at the photoresist 
film is prevented from spreading- In addition, since the protective film 
is formed at the mask pattern sidewalls during the film formation 
step, desired contact holes can be formed at the workpiece. 

Furthermore, the lengths of the individual film formation times 
may be extended as the etching process progresses. As the process 
progresses, the aspect ratio of the contact holes increases, which 
makes it difficult to form a protective film at the bottom surfaces of 
the contact holes. Thus, by extending the lengths of the individual 
film formation times, it is possible to ensure that the photoresist film 
is protected with a higher degree of reliability while implementing a 
specific etching process. 

In addition, by setting the lengths of the individual film 
formation times at 1 second or longer, the protective film can be 
formed at the photoresist film with a high degree of reliability during 
the film formation steps. 

By implementing an etching step at the end of the etching 
process, the protective film formed at the contact hole bottom surfaces 
and over the photoresist film can be removed, thereby eliminating the 
need to implement a step for removing the protective film to allow the 
post-process to be completed promptly. 

Furthermore, by implementing a film formation step at the 
beginning of the etching process, the photoresist film becomes 
protected by the protective film prior to the etching step, thereby 
enabling a desired process to be implemented on the workpiece. 
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Moreover, by constituting the etching target with a silicon oxide 
film and using a gas containing fluorocarbon gas as the processing 
gas, a protective film can be formed at the photoresist film with a high 
degree of reliability and desired contact holes can be formed at the 
Si0 2 film. 

What is claimed is; 

1 . (amended) 

A plasma etching method for implementing a specific etching 
process on a workpiece placed on an electrode provided within a 
processing chamber by introducing a processing gas into said 
processing chamber, generating plasma inside said processing 
chamber with a plasma source and applying biasing power to said 
electrode, wherein; 

an etching step in which the workpiece is etched over a specific 
length of etching time by applying the biasing power to said electrode 
and a film formation step in which a protective film is formed at an 
etching mask at a surface of the workpiece over a specific length of 
film formation time while the biasing power is cut off are sequentially 
repeated, with the lengths of individual film formation times extended 
as the etching process progresses. 

2. (deleted) 

3. A plasma etching method according to claim 1, wherein: 

the lengths of the individual film formation times are set at 1 
second or longer. 

4. A plasma etching method according to claim 1, wherein: 
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said etching step is implemented as a final step of said etching 
process. 

5. A plasma etching method according to claim 1, wherein: 

said film formation step is implemented as a first step of said 
etching process. 

6. A plasma etching method according to claim 1, wherein: 
the etching target is a silicon oxide film; and 

said processing gas is constituted of a gas containing 
fluorocarbon gas. 

7. (amended) 

A plasma etching method for implementing a specific etching 
process on a workpiece placed on an electrode provided within a 
processing chamber by introducing a processing gas into sa^ 
processing chamber, generating plasma inside said processing' 
chamber with a plasma source and applying biasing power to said 
electrode, wherein; 

an etching step in which the workpiece is etched over a specific 
length of etching time by applying the biasing power to said electrode 
and a film formation step in which a protective film is formed at an 
etching mask at a surface of the workpiece over a specific length of 
film formation time while the biasing power is cut off are sequentially 
repeated, with said etching process starting with said film formation 
step and ending with said etching step and the lengths of individual 
film formation times extended as the etching process progresses. 



8. (deleted) 
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9. (deleted) 

10. A plasma etching method according to claim 7, wherein: 

the lengths of individual film formation times are set at 1 
second or longer. 

11. A plasma etching method according to claim 7, wherein: 
the etching target is a silicon oxide film; and 

said processing gas is constituted of a gas containing 
fluorocarbon gas. 
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Citations and explanations 

Document 1: JP, 6-112166, A (Applied Materials Inc.), 
April 22, 1994 (22.04.94) 

Claims 1, 3-7, 10 and 11 

The invention described in Claims 1, 3-7, 10 and 11 
involves an inventive step relative to Document 1 cited in 
the international search report. 

Document 1 does not indicate the^relative extension^, 
of film-forming times as etching treatment progresses, and 
due to this feature the invention of the present 
application offers the advantageous effect of assured 
formation of contact holes with a high aspect ratio and 
superior shape. 
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(57) Abstract 

A wafer (W) is placed on a lower electrode (106) disposed in a processing chamber (102) of an etching device (100), with a gas 
containing C 4 F B introduced into the chamber (102). A controller (112) applies a 27 MHz power from a plasma generating power supply (120) 
to an upper electrode (114), and an 800 kHz power from a biasing power supply (108) to the lower electrode (106) intermittently. When a 
biasing power is on, an insulating film (202) consisting of Si0 2 of the wafer (W) is etched, and, when it is off, a polymer (protecting film) 
(208) is formed on a photoresist film (206). The above method can enhance the selectivity of the insulating film with respect to the 
photoresist film to form a contact hole in a preset shape. 
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